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Sir: 

I, Mr. Nobuo SUZUKI, do hereby state and declare as follows: 

L I am a co-inventor of the invention disclosed and claimed in the above-identified U.S. 
patent application. 

2. Jh March of 1973, 1 graduated from Tokyo University, Faculty of Engineering with a 
Ph,D. in electronic engineering. 

3. In April of 1999, 1 joined Fuji Photo Film Micro Device Co., Ltd. and engaged in 
research in the field of CCD solid-state image pick-up devices, 

4. I retired from Fuji Photo Film Micro Device Co., Ltd. on November 9, 2004. 

5. I have reviewed the Office Action dated January 30, 2008, issued in the above 
application. 
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6. I am the author of the Invention Disclosure Document dated March 1 1 , 2002, which 
forms the basis for the subject matter disclosed in the instant application, and which is attached 
hereto along with a full English translation. 

7. As evinced by the Invention Disclosure Document, I consider Figure 3 of the instant 
application to be part of the novel concepts of the present invention. Figure 3 of the application is 
comparable to Figure 2(a) of the Invention Disclosure Document. Section (3) of the Invention 
Disclosure Document describes the concepts considered to be the Conventional Art and the 
drawbacks therein. Sections (4) and (5) describe the Problem to be Solved by the Invention and 
the Means for Solving the Problem, respectively. Section (6a) describes the first example of a 
solid-state image pick-up device considered to pe a means for solving the problem of the 
conventional art, and which is part of the novel features of the present invention. Within section 
(6a) is the description of Figure 2(a), including ihe following: 

" [Tin the conventional example, the percentage of wiring portions between pixels is large. 
To the contrary, in this example, since the low sensitivity pixels are disposed in a middle 
of the pitch value of the high sensitivity pixels, this wiring portion is not provided." 
[Page 5, lines 10-12; emphasis added] 

8. From the Invention Disclosure Document, it is clear that I do not consider Figure 3 of the 
instant specification be represent either a conventional solid-state image pick-up device or 
statutory prior art under 35 U.S.C. § 102(e), nor have I admitted as such. 

9. It is declared by undersigned that all statements made herein of undersigned's own 
knowledge are true and that all statements made on information and belief are believed to be 
true, and further that these statements were made with the knowledge that willful false statement 
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and the like so made are punishable by fine or imprisonment, or both, under 18 U.S. Code 1001 
and that such willful false statements may jeopardize the validity of this application or any patent 
issuing thereon. 

— Ndbuo SUZUKI 
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(1) Title of the Invention 

Solid-state image pick-up device 

(2) Technical Field of the Invention 

The invention relates to a solid-state image pick-up device, and particularly to a color CCD image 
sensor having a wide dynamic range. 

(3) Conventional Art and Its Drawback 

A conventional example of a single-plate color solid-state image pick-up device is shown in Fig. 1. 
Fig. 1 is a configuration diagram of the single-plate color solid-state image pick-up device. The conventional 
example of Fig. 1 is a CCD area image sensor of a progressive scanning type that can transfer signal charges of 
a two-dimensional pixel array to vertical CCD registers at a time and read out the signal charges. Although 
number of the pixels is a few hundreds of thousands to a few million, such a portion is omitted in Fig. 1. The 
two-dimensional pixel array, three-phase drive CCD registers (three-layer polysilicon electrode structure), a 
two-phase drive horizontal CCD register and an output section are provided. A color filter array is a color filter 
array of the Bayer system that is used in a single-plate color solid-state image pick-up device having a general 
pixel array. 

(Supplemental Description of Fig. 1) 

1 1 : pixel (photo diode) 12 vertical CCD register 

1 3 : position of a reading gate used to read out a signal charge from a pixel to a transfer electrode of the 

vertical CCD register 
14-16: transfer electrodes 17-19: transfer electrodes 

30: horizontal CCD register 31: output section 
32: output 

33, 34, 40-42: electrode terminals 1 lg: pixel having a green color filter 
p.s. Please acknowledge your safe receipt of this letter by return facsimile. 
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I lb: pixel having a blue color filter 

I I r: pixel having a red color filter 

In digital still cameras using the conventional example, scenery viewed through a window from a 
room may be shot as a stark white image. In order to avoid this, an image of a wide dynamic range is 
generated from two images (high sensitivity and low sensitivity) that are consecutively shot at a short interval of 
time. 

Drawback of the Conventional Example: Since times of the two images to be combined are not the 

same, if a moving object is shot, the resultant image becomes unnatural. 

Difference between the Invention and the Conventional Example: Differences therebetween are in that a 
solid-state image pick-up device has low sensitivity pixels and high sensitivity pixels and furthermore, the low 
sensitivity pixels (small pixels) are provided in positions shifted by 1/2 of a pitch from the high sensitivity pixels 
in both of the vertical and horizontal directions. 

(4) Problem to be Solved by the Invention 

To realize a solid-state image pick-up device that can shoot a moving object naturally and can obtain 
an image of a wide dynamic range. 

(5) Means for Solving the Problem 

By providing the low sensitivity pixels and the high sensitivity pixels, simultaneity between the high sensitivity 
pixels and the low sensitivity pixels is ensured. Furthermore, by providing the small low sensitivity pixels in 
the positions shifted by 1/2 of the pitch from the high sensitivity pixels in both of the vertical and horizontal 
directions, deterioration of image quality (due to decrease in sensitivity and decrease in saturation output) is 
avoided thereby solving the problem 

(6a) Example 

A first example of the solid-state image pick-up device is shown in Fig. 2, Fig. 2(a) is the overall configuration 
view, and Figs. 2(b) and 2(c) show explanatory views of a micro lens. To obtain an image of a wide dynamic 
range, it is preferable to set a sensitivity of the low sensitivity pixel to about 1/4 to about 1/1 28 of that of the high 
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sensitivity pixel. In that case, it is preferable to set a saturation signal charge amount of the low sensitivity pixel 
to about 1 to about 1/64 of that of the high sensitivity pixel. It is necessary that the low sensitivity pixel does 
not saturate up to a certain light amount (for example, about 4 times to about 16 times as large as the saturation 
light amount of the high sensitivity pixel) even if the high sensitivity pixel saturates. An area of a plan view of 
the micro lens shown in Fig. 2(b) is in proportional to the sensitivity Accordingly, if, for example, a sensitivity 
ratio is 1/16, the sensitivity of the high sensitivity pixel decreases about 6%, and the sensitivity decreases very 
little. Also, the saturation charge amount is in proportional to an area of the photo diode. Accordingly, if the 
sensitivity ratio is set to 1/16 and four times saturation is selected, the area of the photo diode of the low 
sensitivity pixel becomes 1/4 of that of the photo diode of the high sensitivity pixel. Increase in area of the 
photo diode of the low sensitivity pixel is not small. However, in the conventional example, the percentage of 
wiring portions between pixels is large. To the contrary, in this example, since the low sensitivity pixels are 
disposed in a middle of the pitch value of the high sensitivity pixels, this wiring portion is not provided. 
Therefore, considering this area reduction, increase in area of photo diodes for newly providing the low 
sensitivity pixels is quite small. That is, in this example, even if the low sensitivity pixel array is added in 
comparison with the conventional example, the high sensitivity pixels decrease very little in sensitivity and in 
saturation charge amount. Thereby, conventional performance can be maintained. 

It is noted that in this example, a single reading-out operation of the horizontal CCD register reads out one row 
of the high sensitivity pixels and one row of the low sensitivity pixels. 

Detailed description is omitted (will be orally explained). 

(Supplemental Description of Fig. 2(a)) 
1 10: low sensitivity pixel (photo diode) 
111: high sensitivity pixel (photo diode) 

112: four-phase drive vertical CCD register (two-layer polysilicon electrode structure) 

113: position of a reading gate used to read out a signal charge from a pixel to a transfer electrode of 

the vertical CCD register 
114-117: transfer electrodes 118, 1 1 9: transfer electrodes 
130: horizontal CCD register 131 : output section 
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132: output 

133, 134, 140-143: electrode terminals 

1 lOg: low sensitivity pixel having a green color filter 

1 10b: low sensitivity pixel having a blue color filter 

I lOr: low sensitivity pixel having a red color filter 

I I lg: high sensitivity pixel having a green color filter 
1 1 lb: high sensitivity pixel having a blue color filter 

1 1 Ir: high sensitivity pixel having a red color filter 

(6b) Other examples 

A second example is shown in Fig. 3. In the first example of the solid-state image pick-up device, the vertical 
CCD register is a four-phase drive CCD and reads out high sensitivity pixels and low sensitivity pixels at the 
same time, but in the second example, the vertical CCD register is an eight-phase drive CCD and reads out high 
sensitivity pixels and low sensitivity pixels two times separately. Since high sensitivity pixels and low 
sensitivity pixels are read out by two reading-out operations, an area of the vertical CCD register can be reduced. 
Accordingly, an area of pixels increases and saturation output increases, which is the advantageous. A single 
reading-out operation of the horizontal CCD register reads out two rows of the high sensitivity pixels or two 
rows of the low sensitivity pixels. 

Description is omitted (will be orally explained). 

(Supplemental description of Fig. 3) 
210: Low sensitivity pixel (photo diode) 
211: High sensitivity pixel (photo diode) 
212: Vertical CCD register 

213 : Position of a reading gate used to read out a signal charge from a pixel to a transfer electrode of 
the vertical CCD register 
214-221: Transfer electrodes 
222, 223 : Transfer electrodes 
230: Horizontal CCD register 
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231: Output section 
232: Output 

233, 234, 240-247: Electrode terminals 
210g: Low sensitivity pixel having a green color filter 
210b: Low sensitivity pixel having a blue color filter 
21 Or: Low sensitivity pixel having a red color filter 
21 lg: High sensitivity pixel having a green color filter 
211b: High sensitivity pixel having a blue color filter 
21 lr: High sensitivity pixel having a red color filter 

In an example in Fig 3, if a four-phase drive CCD is configured by combining electrodes of the first phase and 
second phase, combining those of the third phase and fourth phase, combining those of the fifth phase and sixth 
phase, combining those of the seventh phase and eighth phase of the vertical CCD register, the same effect can 
be obtained.. 

A third example is shown in Fig. 4. The number of the vertical CCD register is 1/2 compared with the first 
example. This, like the second example, reads out high sensitivity pixels and low sensitivity pixels by two 
reading-out operations. Since high sensitivity pixels and low sensitivity pixels are read out by two reading-out 
operations, an area of the vertical CCD register can be reduced. Accordingly, an area of pixels increases and 
saturation output increases, which is advantageous. A single reading-out operation of the horizontal CCD 
register reads out one row of the high sensitivity pixels or one row of the low sensitivity pixels. 

Description is omitted (will be orally explained). 

(Supplemental description of Fig. 4) 
310: Low sensitivity pixel (photo diode) 
311: High sensitivity pixel (photo diode) 
3 12: Vertical CCD register 

313: Position of a reading gate used to read out a signal charge from a pixel to a transfer electrode of 
the vertical CCD register 
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3 14-3 17: Transfer electrodes 
3 1 8, 3 1 9: Transfer electrodes 
330: Horizontal CCD register 
331: Output section 
332: Output 

333, 334, 340-343: Electrode terminals 
3 1 Og: Low sensitivity pixel having a green color filter 
3 1 Ob: Low sensitivity pixel having a blue color filter 
3 lOr: Low sensitivity pixel having a red color filter 
3 1 lg: High sensitivity pixel having a green color filter 
3 1 lb: High sensitivity pixel having a blue color filter 
3 1 lr: High sensitivity pixel having a red color filter 

A fourth example is shown in Fig. 5. While the purpose of the first to third examples is to obtain a combined 
image having a wide dynamic range, that of the fourth example is to obtain a high resolution image. For that 
purpose, a color filter of low sensitivity pixels is only white. Structures except for a color filter of low 
sensitivity pixels are the same as those of the first to third examples. Fig. 5 shows a color filter only. White 
means pixels not having a color filter or pixels having a transparent color filter. 

A high resolution image can be obtained by producing luminance signals from high sensitivity pixel signals and 
while pixel signals after detecting partial characteristics of an image (correlative direction, etc.) in white pixel 
signals and high sensitivity pixel signals. A color filter of low sensitivity may not only be white but also green, 
yellow, cyan and so on. 

This can be worked in various forms, as follows. 

1) Not only a color filter array of the primary color Bayer but also a diecked-complementary color filter array of 
cyan, green, yellow and magenta or a striped filter may do (Fig. 6 shows an example of a complementary color 
filter). 
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2) The above explanation is given premised on that high sensitivity pixels and low sensitivity pixels are always 
read out However, if an image having a wide dynamic range or a high solution image is not necessary only 
high sensitivity pixels are read out and low sensitivity pixels do not need to be read out An ordinary image 
can be obtained simply by signal processing output signals of high sensitivity pixels. 

3) As to a shape of the micro lens, the high sensitivity pixel does not have to be octagonal and the low sensitivity 
pixel does not have to be tetragonal in the plain view as in the Fig. 2(b), but have only to be a polygon having 
four angles or more. 

4) It is possible to make a three-plate color camera having a wide dynamic range by using a black-and-white 
solid-state image pick-up device with the micro lens as it is but without all color filters (the first to third 
examples). 

(7a) Effect of the invention 

Compared with a conventional example, a high sensitivity image and low sensitivity image are 
simultaneous and a natural combined image can be obtained from a moving subject. Furthermore, by 
providing the small low sensitivity pixels in the positions shifted by 1/2 of the pitch from the high sensitivity 
pixels in both of the vertical and horizontal directions, deterioration of image quality due to decrease in 
sensitivity and decrease in saturation output hardly happens. 

In addition, a high resolution image can be obtained by means of signal processing of the low 
sensitivity pixels as a white filter (actually no color filter). 

(8a) Scope of claims 

1) A solid-state image pick-up device comprising: 

a light receiving section having a high sensitivity pixel array which is arranged in a square shape of a row 
direction and a column direction perpendicular thereto and having a low sensitivity pixel array which is 
provided in positions shifted by 1/2 of a pitch from the high sensitivity pixel array in the row direction and in the 
column direction; 

a vertical CCD register group which reads out signal charges optically generated in each pixel of the light 
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receiving section and which transfers in the column direction; 

a horizontal CCD register which receives signal charges transferred from the vertical CCD register group and 
which transfers the signal charges in the row direction; 

an output section which outputs the signal charges transferred from the horizontal CCD register 

2) The solid-state image pick-up device according to claim 1, characterized in that the vertical CCD register 
group can read out all the signal charges of the photosensitive part at the same time. 

3) The solid-state image pick-up device according to claim 1, characterized in that the vertical CCD register 
group can read out signal charges of high sensitivity pixels and low sensitivity pixels of the light receiving 
section by two reading-out operations. 

4) The solid-state image pick-up device according to claims 1 to 3, characterized in that color filters of red and 
green or green and blue are alternately arranged in odd rows of the high sensitivity pixel array and low 
sensitivity pixel array and that color filters of green and blue or red and green are alternately arranged in even 
rows of the high sensitivity pixel array and low sensitivity pixel array 

5) The solid-state image pick-up device according to claims 1 to 3, characterized in that color filters of magenta 
and green or cyan and yellow are alternately arranged in odd rows of the high sensitivity pixel array and low 
sensitivity pixel array and that color filters of cyan and yellow or magenta and green are alternately arranged in 
even rows of the high sensitivity pixel array and low sensitivity pixel array 

6) The solid-state image pick-up device according to claims 1 to 3, characterized in that color filters of red and 
green or green and blue are alternately arranged in odd rows of the high sensitivity pixel array that color filters 
of green and blue or red and green are alternately arranged in even rows of the high sensitivity pixel array and 
that color filters of white (no color filter) or green, yellow or cyan are provided in the low sensitivity pixel array 

7) The solid-state image pick-up device according to claims 1 to 3, characterized in that color filters of magenta 
and green or cyan and yellow are alternately arranged in odd rows of the high sensitivity pixel array that color 
filters of cyan and yellow or magenta and green are alternately arranged in even rows of the high sensitivity 
pixel array and that color filters of white (no color filter) or green, yellow or cyan are arranged in the low 
sensitivity pixel array 

(9) Brief Description of the Drawings 

Described as above, and thus omitted here. 
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